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IhTItOSSCTIOS 



The jpurposo of this thesis is to datoralno , by occiput at ion, 
tho accuracy limitations of aetregon photography for us© in stereo 
plotting instrursents saoh as the Wild Autograph A7* This will be 
don© by analysing the error curves of lenses for which data can be 
obtained. ‘These data will then be compared to a standard estrogen 
correction plate curve, as verified by observation, to determine 
residual errors. Then error curves within the stereo model will 
be constructed for X and Z coordinates and a y-par all ax curve 
determined. Krror curves frets observation of an actual set of 
astrogon photographs will then be constructed and compared with 
the eomputed curves. 
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6SI AI» DISCUSSION 0? MUmQGQS ACCURACY 



la order to discuss the accuracy of saetrogen photography, 
several letters wore written to governmental agencies and metro ;on 
lens manufacturers requesting data on these lenses. The only reply 
received with any usable information was from the national Bureau 
of Standards, enclosing data on all (23) Eetrogan lenses tested 
during fiscal year 1939* 

The distortion values, which were taken from the original 
data, ere tabulated in odorous, normally the Bureau reports dis- 
tortion values to the nearest - 0.02 m. These lenses were tested 
at their a aristae aperture, f/6. 3, and the seaeurenents were made 
with a collimated incident light using a 2-3 filter, a tungsten 
source and Eastman Kodak spectroscopic emulsion type V-F. Devel- 
opment was done in B-19 at 68 °F for three sdnutos with continuous 
agitation. Tables I, II, and III are the tables of data provided 
by the National Bureau of Standards. 

The data in Tables II and III are based on angular dis- 
placement froa the principal point. This data was converted to 
radial distance® in Table IV in order to provide a basis of com- 
parison with the correction plate. The data of Tables III and I? 
were then used to construct the distortion curves of the best, 
average, and worst lenses, in Figure© 5 through 8. These curves 
Indicate the displacement of the ime^e from the distortion free 
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position. Tha ob sc is 03 Indicates radial distance cf the distortion 
free position from the photo center. A positive distortion vaXue 
indicates a displacement away fro© center. 

Thera has been considerable discussion concerning the ©stab— 
lishoent of a standardised calibrated focal length for wotrogen 
lenses. Insofar as could be determined, there has been no formal- 
iaed decioion on thio sat ter. It is apparent fro© the reconstructed 
curves of the 25 lenses that the Satiewsl Bureau of Standards has 
adopted the calibrated focal length to produce sero distortion at 
the 42&° circle, as all curve® plot out through this point. 

Table V is a table of lens distortions, based on radial 
distance in a®, taken trots the reconstructed curves cf distortion 
of the lenses. Figure 9 is the distortion compensation curve of 
the correct icn pl&ta csanufactured by Wild. The offset abscissa 
chosen for construction of the plates ms used in order to reduce 
the thickness of glass. The shifted abscissa requires that the 
calibrated focal length of sietrogon plates used with the correction 
plates sufit be increased by 0.0 66 tae. However the values, taken in 
reference to the original abscissa, can be used for comparison with 
curves of lenses whoso calibrated focal length is set for sero dis- 
tortion at 42&°. 

After a comparison of the correction plate curve with the 
curves of distortion of the lenses, the amount of distortion which 
the correction plates would leave uncompensated was tabulated in 
Table VI. It is realized that 25 lenses is a small sampling of 
the number which has bean manufactured. However# this is the entire 
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mmbtr cubEitted to the Jcstiea&l Burew# of Standard#, for tasting, 
cw a on# year period, regardless of rsoswfacturer or source* With 
this in mind, it i® interesting to not® that only two lenses (8$) 
have distortion curves sufficiently elose to the correction plate 
curve, which is apparently a fairly widely accepted standard carve, 
to provide unoorapens&ted error# less than -10 microns* thirteen 
(62$) would have uncompensated error© leas than -20 cioreaa* Two 
(Bfr) of the lonson would have unecnpemtated errors in excess of 
40 ®1 crons. 

In order to determine the effect the above error# «xild 

have on a stereo ac&el , an assumed elevation of 4,000 rotors above 

terrain ms chosen and elevation errors wore computed using the 

basic relief displacement relationship, d « rh for computing sui 

I 

approximate elevation discrepancy which would result froa the 
value# in Table VT* This approximation is undoubtedly accurate 
enough for the soaker of significant digit# used. These values, 
tabulated in Table ¥11, would not necessarily be the error# Meas- 
ured in a stereo sodel, a# they would depend on the relative ori- 
entation achieved which in turn would depend upon the location of 
the chosen orientation points. This is true because, exoept along 
the lin# through the two principal point#, the lens distortion will 
cause a varying aacunt of y-parallax. If this parallax is reaovod 
at the orientation points, the projected images will not haw the 
true spatial relationship, and the effects of lea# distortion at 
any given point in the oodel cay be exaggerated or diminished 
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depending on the specific o&so. On the other hand, If the distortion 
at the chosen orientation points which are not on the line connecting 
the principal points happens to be zero fron both projectors, the 

relative orientation will bo true and the lens distortion will have 

* 

full of foot* 

The values in Table VI will be the rcexiiaus possible ele- 
vation error at any given point, that is the larger of the two ele- 
vation errors at that point will be the mxissisu This can be best 
deaonst rated by diagramcin^ the relationship of true and distorted 
rays at a point along the line connecting the principal points, as 
in Figure 1* 

As can be seen from Figure 1, the maxima elevation error 
occurs when the elevation errors at a given point ears equal which 
is true along the line equidistant from both principal points, and 
there will be an error in the X direction whenever the elevation 
errors are unequal* The same thing ooours at points which are not 
equidistant from both principal points or on linos through 1*^ and 
Lg parallel to this line, except that y-per&llax is introduced* 

This oan be seen in Figure 2* In Figure 2, point A” is not actually 
a point of intersection as the two rays peas through the vertical 
line through A-A* at different points* A M is the point on both 
linos at which there is no X or elevation separation and thus is 
the point which would be chosen in a etereo instrument as the true 
point with only y-par allfix present* Actually, the ray from 1*^ is 
in front of the ray from L g , as Figure X is drawn. The range of 
possible y positions in a stereo instrument would be between points 
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True rays 

_ Distorted rays of equal elavntion error 

Distorted ray of unequal elevation error 

to ray fron right projector 

a^ a £ undietcrted positions 

e, • o, 1 equally distorted positions 

ft^ M a 2 * unequally distorted position© 

A true projected lease 

A* projected teas© with equal distortions 

A" projected issage with unequal distortion© 

Ah* elevation error with equal distortion® 

dh M elevation error with unequal distortions 

dx" X error with unequal distortions 



Figure 1 
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Syabolo no used in f*igur® X 
Figure 2 

A* on rays from and Lp. Tho exact position would depond on the 
relative orientation procedure. The point will he displaced by dX” 
which will he sere in the event of equal elevation errors fro© both 
projectors* as at point A’. 

There will he no X displacement of the image along a line 
equidistant frost both principal points or lines through hj and 
parallel to this line as the points along tho equidistant lino will 
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have equal distortion and thus equal elevation error at any given 
point along it, and the projection from either point parallel to 
the y-oxie will have no X displace: flat* 

As oan he seen from Figures 1 and 2, the X displaoenent 
will always he toward the projector having the lowest (algebrai- 
cally) elevation error at the point in question* The magnitude 
of the X displacement is computed as follows: 

A drawing of a horizontal projection of the rays involved 
onto a plane containing both camera axes Is constructed. 
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A plus sign In AS” indicates displacement toward L, . 

The range of possible y Aiaplaoeaonls can be shown by drawing a 
vertical view of the eohera® displayed in Figure 3 , 




Figure 4 



